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Background: In spite of effective strategies to eliminate mother-to-child-transmission of HIV, the implementation of
such strategies remains a major challenge in developing countries. In India, programs for the prevention of mother-
to-child transmission (PMTCT) have been scaled up widely since 2005. However, these programs reach only a small
percentage of pregnant women, and their overall effectiveness is low. Evidence-based program planning and
implementation could significantly improve their effectiveness. This study sought to systematically retrieve,
thematically categorize and review published research on PMTCT of HIV in India, focusing on research related to the
provision and/or utilization of the cascade of services provided in a PMTCT program, in order to direct further
research to enhance program implementation and effectiveness.
Methods: A systematic search using MEDLINE, US National Library of Medicine Gateway system (PubMed) and ISI
Web of Knowledge resulted in 1,944 abstracts, of which 167 met our inclusion criteria.
Results: A huge share of the empirical literature on PMTCT in India (N = 134) deals with epidemiological studies
(N = 60). The 46 papers related to utilization/provision of the cascade of PMTCT services were mostly from the four
high HIV prevalence states in southern India and from the public sector. Studies on experiences of implementing a
PMTCT program (N= 20) show high rates of drop out of women in the cascade particularly prior to receiving ARV.
Studies on individual components of the cascade (N = 26) show that HIV counseling and testing is acceptable and
feasible. Literature on other components of the cascade - such as pregnant women’s access to ANC care, HIV
infected women’s immunological assessment using CD4 testing, repeat HIV testing among pregnant women, early
infant diagnosis and factors related to linking HIV infected women and children to postnatal care – is lacking.
Conclusions: While the scale of the Indian PMTCT program is large, comprehensive understanding of the context-
driven factors affecting its efficiency is lacking. Systematic and more focused public health research output is
needed on the issues related to reduction of drop outs of women in the cascade, role of PMTCT programs in
improving maternal and child health indicators and role of private sector in delivering PMTCT services.
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It has been more than 16 years since a breakthrough
clinical trial (ACTG 076) demonstrated that the adminis-
tration of prophylactic antiretroviral medicine - Zidovu-
dine - to HIV-infected mothers and infants can reduce
mother-to-child transmission (MTCT) of HIV by almost
68 percent [1]. Significant advances have been made
since then in developing the science of prevention of
mother-to-child transmission of HIV (PMTCT). A num-
ber of clinical trials have been conducted to evaluate the
effectiveness of different antiretroviral drug regimens in
different combinations administered for varied durations.
As a result, MTCT can now be reduced to less than 2
percent from a possible 25–30 percent without any
intervention [2].
With the use of effective antiretroviral treatment
(ART) and non-antiretroviral (ARV) strategies, MTCT
has been virtually eliminated in developed countries.
However, translating the scientific knowledge on an ef-
fective ARV regimen and the prevention of transmission
through breast milk into field-level action has remained
a major challenge for developing countries. Globally, an
estimated 3,70,000 children were newly infected with
HIV in 2009, and most of them were from developing
countries [3]. Further, in 2009, of the women in low- and
middle-income countries eligible to receive antiretroviral
medication to prevent the mother-to-child transmission
of HIV only on average 53% (40% and 79% respectively)
received them [3]. In June 2011, a new global plan to
eliminate HIV infections among children was launched
at the UN [4].
In India, the National AIDS Control Organization
(NACO) has adopted the PMTCT program as an im-
portant component of its response to the challenge of
controlling and reversing the HIV epidemic. The pro-
gram which is called the PPTCT program (Prevention of
Parent-to-Child Transmission) started in 2002, and has
been rapidly scaled up in the country through an in-
crease in HIV counseling and testing facilities for preg-
nant women. The number of integrated counseling and
testing centers rose from 2,815 in 2005–6 to 5,135 in
2009–10 [5]. Despite this scale-up in the program, only
20% of the annual estimates of pregnant women were
counseled and tested for HIV in 2009. Furthermore, only
30 percent of the estimated HIV infected pregnant
women were identified and only 60 percent of those
identified as HIV-infected received a single dose of
Nevirapine for PPTCT, which was the then National
protocol [5].
There are several lacunae in the national PPTCT pro-
gram. The overall coverage of the cascade of services
provided in the program - beginning with counseling
and HIV testing for pregnant women followed by im-
munological assessment of women by CD4 testing,provision of antiretroviral treatment or prophylaxis for
the HIV-infected pregnant women, safe obstetric inter-
ventions and counseling, support for safer infant feeding
options [6] and linking of HIV infected mother and chil-
dren to postnatal care - has been quite low [7]. In spite
of the scientific evidence and recommendations on more
effective protocols drawn up by WHO in 2006 [8], and
then in 2010 on PMTCT [9], the acceptance of these
protocols in the national program has been slow and
delayed.
In order to improve the effectiveness of India’s PPTCT
program and to meet the goal of achieving the virtual
elimination of pediatric HIV in the country, it is import-
ant to devise appropriate evidence-based strategies. It is
therefore essential to review the existing published litera-
ture on the public health aspect of PMTCT in India, in
order to facilitate further research and evidence-based
planning.
In this paper we present the findings of a systematic
review of literature on PMTCT of HIV in India. The
objectives of this paper are twofold: first, to thematically
categorize the existing peer-reviewed literature on
PMTCT in India, and second, to describe the findings of
public health literature on PMTCT. For the purpose of
this study, public health literature is defined as literature
that deals with the provision and/or utilization of the
cascade of services provided under a PMTCT project.
The findings of this review will help direct future re-
search that can aid program implementation and im-
prove effectiveness of the PMTCT program in India.Methods
Eligibility criteria
For our review of literature on PMTCT of HIV in India,
studies were considered relevant if 1) the study was
related to HIV and the study population comprised of
pregnant women or HIV-exposed children, or 2) the sta-
ted objective of the research was directly linked to
provision and/or utilization of services provided in a
PMTCT project, such as counseling and HIV testing,
ARV, obstetric care, infant feeding and infant testing, or
3) the stated objective of the research was directly linked
to the planning or provision of PMTCT services, and 4)
the study was conducted in India.Information sources
We searched MEDLINE and the US National Library of
Medicine Gateway system (PubMed) to identify relevant
English-language published literature. We also searched
reference lists of relevant studies and carried out a cited
reference search in ISI Web of Knowledge. We did not
include conference proceedings or abstracts when add-
itional information was not provided.
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We used a comprehensive search strategy to identify all
relevant research related to the prevention of mother-to-
child transmission of HIV in India. Our search strategy
included two search terms including the following key-
words: 1) (Mother to child transmission, OR MTCT, OR
prevention of mother-to-child transmission, OR PMTCT,
OR prevention of parent-to-child transmission, OR
PPTCT, OR infant feeding, OR HIV infected pregnant
women, OR voluntary counseling and testing, OR VCTC,
OR integrated counseling and testing, OR ICTC AND
India) and 2) (HIV AND pregnancy AND India) We con-
ducted our search on 25 July 2011, and did not include
any restrictions on when the research was conducted.Data collection process
We exported search results using the reference manage-
ment software EndNote X4. To determine the relevance
of the studies, the first three authors independently
reviewed them using a data extraction form to assess the
eligibility of studies based on the criteria specified above.
Disagreements were resolved by discussion and consen-
sus among all the authors. Of the retrieved papers,
details (e.g. abstract, contact information) were not avail-
able for two studies [10,11], and hence their relevance
could not be assessed. We did not exclude any study
based on the methodological quality of the research.Results
Study selection
We retrieved 1,162 abstracts from the first search term
and 238 abstracts from the second term in PubMed and
MEDLINE and, in addition, respectively 404 and 140
abstracts through ISI Web of Knowledge, totaling 1,944
abstracts. There were 155 papers from PubMed and an
additional 12 papers from ISI Web of Knowledge that met
the abovementioned criteria for inclusion. These 167 rele-
vant papers were thematically categorized (Figure 1), and
papers related to the provision and/or utilization of one or
more services in the PMTCT cascade were identified for
an in-depth review (N=46).Thematic categorization of PMTCT literature
The categorization of 167 papers meeting the inclusion
criteria is shown in Figure 1. Of these, 33 summarized
the existing known theory of mother-to-child transmis-
sion, and the interventions to prevent it (for example
[12,13]), and this included one book chapter on breast-
feeding practices in relation to HIV [14] and a perspec-
tive paper on HIV testing in the labor room [15]. The
remaining 134 papers involved empirical work. These
papers were further classified, based on their primary ob-
jective or the main results of the research.A very large proportion of the empirical literature
(N= 134) on PMTCT in India deals with epidemiological
studies (N= 60) (45%), including studies that reported
the estimated HIV prevalence among pregnant women
(N= 21), the observed rate of mother-to-child transmis-
sion of HIV in children (N= 13), HIV infection in chil-
dren (N= 20), and drug resistance among women or
children (N= 6). The primary objective or the main
results of 46 papers (34%) were related to the provision
and/or utilization of the cascade of PMTCT services. In
addition, empirical work was done on knowledge about
HIV/AIDS among pregnant women (N= 6), fertility
desires and perinatal outcomes among HIV-infected
women (N= 11), and other subjects (N= 11).
Among the 46 studies related to the provision and/or
utilization of services, e.g. the public health literature on
PMTCT in India, 20 papers reported on program experi-
ences and were not related to any particular service in
the cascade. These papers were categorized as experi-
ences of implementing a PMTCT project, [16-35]. The
remaining 26 papers were related to the individual com-
ponents of the PMTCT cascade.
The 20 papers on experiences of implementing a
PMTCT program were further categorized as studies de-
scribing only the uptake of different services in PMTCT
programs implemented in particular health facilities
(N= 9), classified as a numeric summary of the uptake of
services [16,19,21-23,26,27,33,34], studies dealing with
understanding the barriers to accessing PMTCT services
(N= 3) [18,20,35], with assessing the feasibility of
expanding the PMTCT program in rural areas with the
help of traditional birth attendants, classified as outreach
(N= 1) [24], with evaluating the cost effectiveness of
PMTCT services or programs (N= 6) [25,28-32], and
with understanding the experiences entailed in the inte-
gration of the PMTCT program with family planning
and sexual and reproductive health services (N= 1) [17].
In distinguishing the different individual components in
the cascade, we adopt the categorization of Ciaranello
et al. (2011) which follows the experiences of mothers in
the antenatal care [36]. Of the 26 papers on the individual
components of the cascade, none were related to access to
antenatal care (ANC), 14 were related to HIV counseling
and HIV testing [37-50], 6 to provision of ARV to mother
and/or baby [51-56], 4 to infant feeding [57-60], and 1
each to obstetric care for HIV-infected women [61] and
the diagnosis of HIV among infants [62]. The studies on
counseling and HIV testing were divided into two sub-cat-
egories. Studies that investigated women’s perspective on
counseling and HIV testing were categorized as acceptabil-
ity and utilization (N=8) [38,39,42,45,46,48-50], and stud-
ies carried out from the perspective of health systems were
classified as feasibility and provision of counseling and
HIV testing (N=6) [37,40,41,43,44,47].
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Figure 1 Categorization of published and peer-reviewed literature on PMTCT in India.
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The main characteristics and summaries of the outcomes
of the studies related to the provision and/or utilization
of services (N= 46) are provided in Table 1. The numeric
summary of uptake of services is provided in Table 2.
The findings of the studies are discussed below, starting
with the experiences in implementing a PMTCT pro-
gram and followed by the studies on the individual com-
ponents of the cascade.Studies on experiences of implementing a PMTCT
program (N= 20)
The 20 papers in this category reported the uptake of
various services offered under PMTCT, such as the num-
ber of women who were counseled, tested, detected as
HIV-infected and who received ARV prophylaxis in a
particular hospital[19,21,27], or the compilation of data
from several PMTCT centers [16] (See Table 2), or were
related to the implementation of the program at the
macro level, for example, cost effectiveness studies
[25,30,32] or at the micro level [20,35,63], for example, a
study on the knowledge of traditional birth attendants
[24]. Of the 18 facility-based studies, 13 used data from
public health facilities, and 5 used data from private
health facilities [20-22,33,34]. Of these latter five, fourprovided a numeric summary of the program and only
one paper studied factors associated with women who
were lost to follow-up in the program implemented in a
private sector facility [20].Numeric summary of uptake of services in the PMTCT
cascade (N = 9)
The uptake of the cascade of services in PMTCT, par-
ticularly ARV uptake among mothers, was considerably
low in many studies in the private [21,22,33] as well as
in the public sectors [22,26] with high variability among
studies. The uptake of HIV testing (N= 7) ranged from
65% to 100% (average uptake 86%) from counseling to
HIV testing. The uptake of ARV (N= 9) among HIV
infected women ranged from 9% to 84% (average uptake
46%). (Table 2). Similarly there was wide variation in the
reported rates of MTCT (N= 5) in these studies ranging
from 0% to 29%. Most studies summarizing the uptake
of services used single dose NVP as ARV protocol except
for two studies by Marchant et al. in 1997 [22] and 2001
[21] that reported uptake of AZT among women attend-
ing a private health facility in Mumbai. However, ARV
protocol was not specified in one study [16]. While in-
formation on the number of women provided with pre-
test counseling and HIV testing is given, information
Table 1 Summary of public health literature on PMTCT in India
Experiences of implementing a PMTCT program (N=20)
Reference State Facility* Objective Main results
Numeric summary of uptake of services (N=9) Table 2
Barriers to accessing PMTCT services (N= 3)
Hancart Petitet
et al. (2008) [35]
Tamil Nadu Public To explore sociocultural factors limiting
women’s access to PMTCT services.
Lack of caregiver’s access to informat , inadequate attention to social and
gender issues and lack of decentraliz on of PMTCT activities affect access to
PMTCT.
Rahangdale
et al. (2010) [18]
Karnataka Public To study the role of stigma on access
to PMTCT services.
Women who experienced stigma wit health care providers, community, & family
felt that it was a barrier to access ser es and disclosure of HIV status to avail PMTCT





To understand the socio-demographic
factors associated with loss to follow-up (LTF).
10.9% women were LTF before deliv and 19.6% after delivery. Factors associated
with LTF were low education, poor s ioeconomic status, late registration in the program
and having HIV uninfected partner.
Outreach (taking PMTCT services beyond ANC clinics) (N= 1)
Madhivanan
et al. (2010) [24]
Karnataka -(N= 417) To understand the knowledge and attitudes
of traditional birth attendants (TBA) about HIV.
Only 12% TBA had heard about AIDS mong them, knowledge about modes of
transmission and PMTCT was low (44 .
Cost effectiveness (N= 6)
Dandona
et al. (2005) [28]
Andhra Pradesh Public To estimate the total and unit cost of providing
voluntary counseling and testing (VCT) services.
The cost per client varied 6 fold amo VCTCs (range US$ 2.92–17.14). The incremental
cost of providing complete VCT servi s to each HIV-positive and HIV-negative client was
US$ 2.54 and US$ 1.22, respectively.
Kumar et al.
(2006) [25]
- Public To estimate the additional costs of universal HIV
screening program for pregnant women.
Comparison of universal screening p ram vs. program restricted to high prevalence
states showed that implementation o rogram only in high prevalence states would
achieve 45% of the target in 20% cos
Dandona et al.
(2008a) [30]
AndhraPradesh Public To assess the cost and efficiency of the PMTCT
centers in Andhra Pradesh.
The cost per mother-neonate pair wh received NVP showed a wide variation, ranging
from US$ 98 to US$ 4,047. Cost was ersely related to the scale of the program.
Dandona et al.
(2008b) [29]
AndhraPradesh Public To estimate the changes in the unit cost of VCT
and sex-workers program between
2002–2003 and 2005–2006.
Over 3 years, the unit cost of VCT dro ed by half and it increased 2.4 times for services
provided to sex workers due to incre es in male condom distribution, staff salaries and
training, and treatment for sexually tr smitted infections.
Dandona et al.
(2009a) [32]
AndhraPradesh Public To conduct composite economic analysis
of HIV prevention interventions to inform
efficient utilization of resources.
The highest number of HIV infection verted per 1000persons receiving an intervention
was for MSM and women sex worke rograms, followed by STI clinics and blood banks,
whereas the lowest was for IEC for th general public.
Dandona et al.
(2010) [31]
AndhraPradesh Public To measure cost effectiveness of HIV prevention
interventions by estimating disability
adjusted life years (DALY) saved.
The cost per DALY saved was<US $ for blood banks, MSM, VCT, PPTCT, STI and
women sex-workers programs and> S $100 and up to US $140 for street children,
condom promotion, workplace and m ss media programs.
Integration of family planning (FP)/sexual and reproductive health (SRH) services in PMTCT program (N= 1)
Rutenberg et al.
(2005) [17]
- - To review field experiences with provision of
family planning services within PMTCT.
High acceptance of sterilization amo women suggests the program’s priority of
reducing the number of children bor to HIV-infected women rather than ensuring
mother’s reproductive health and rig .
Studies on individual components of the cascade (N=26)
Counseling and HIV testing (N=14)






















































To assess attitudes of pregnant women towards
prenatal HIV testing and ARV prophylaxis.
86% agreed to undergo prenatal HIV testing, 21% would make this decision
independently while 46% said their husband would have to decide. 97% said that




(N = 94 in
ANC &50 in DR)
To assess acceptability of HIV testing in ANC and
delivery room (DR).
Acceptance of HIV testing was 83% in ANC clinics and 68% in the DR. Partners






To assess knowledge about VCT among pregnant
women in rural area.
85% of women were willing to be tested. 94% had heard of HIV/AIDS and 60%






To assess acceptance of educational session and
VCT by pregnant women and to study
HIV seroprevalence.
3,691 (99.2%) agreed to participate in the group educational session and 3,715
(99.8%) had VCT. Baseline knowledge regarding HIV was limited and a highly
significant improvement was observed (P< 0.0001) in the post-educational session.
Sinha et al.
(2008) [49]
Maharashtra -(N= 400) To assess HIV testing utilization among rural
women.
Recently pregnant rural women report low HIV testing (3.3%).
Vajpeyee et al.
(2009) [50]
Not specified -(N= 1169
men,
581 women)
To report VCT experience at a tertiary care center Of 1750 participants, 67 percent were men. The main reason for seeking VCT was a
history of sexual risk behavior (54.7%) for men and HIV-positive status of their
spouse (38.7%) for women. Perceived discrimination based on serostatus was very high.
Dandona et al.
(2009b) [39]
Andhra Pradesh -(N= 12994) To assess the uptake of HIV testing and study
reasons for undergoing HIV testing.
The uptake of HIV test was higher in women (27.2%) than in men (18.8%).
Increasing education level, urban area residence and having a job were
significantly associated with the uptake. Pregnancy (57.4%) was the most
common reason for seeking HIV test for women.
Kandwal et al.
(2010) [42]
Andhra Pradesh Public To study effect of stigma on women’s access to
HIV testing centers.
Geo-spacial analysis suggested that women go to a different mandal
(sub-district) to be tested for HIV because of stigma.





To examine the eligibility and acceptability of VCT
among pregnant women in labor
49% of the eligible women could be provided VCT in labor room (LR). VCT
in the LR was feasible but it would be of greater value where there is little





To investigate the impact of round-the-clock,
rapid HIV testing in rural India.
98% of the women accepted HIV testing. A program of round-the-clock
rapid HIV testing, including pre-partum and extended postpartum counseling





To develop tools to enhance, standardize and
improve the communication of messages
during the group education and counseling
sessions.
Visual aids during group counseling sessions increased women'soverall
understanding of key issues regarding informed consent from 38% to 72%.
If these same visuals were reinforced during individual counseling,





To assess effectiveness of group perinatal
counseling on HIV knowledge.
The knowledge scores after group pre-test counseling increased by 21%.









To assess the impact of 12-day PPTCT counselor
training program on improving counseling skills.
There was significant improvement in the post-test scores after counselor





Indian site:MaharashtraPrivate To understand the acceptability and feasibility of
couple-oriented prenatal counseling (COC) among
women in ANC clinics.
COC was considered by the respondents to be a feasible and acceptable
strategy to actively encourage men to participate in prenatal HIV counseling
and testing and overall reproductive health services.




















Table 1 Summary of public health literature on PMTCT in India (Continued)
Samuel et al.
(1996) [55]





To determine prevalence of anemia, (Hb< 10
gm/Dl) and assess Zidovudine (ZDV) use and
toxicity in HIV-positive pregnant women.
Prevalence of anemia was 38.7% and ZDV use was not associated with
persistent or worsening anemia. At delivery, regardless of anemia status at
enrollment, women receiving≥ 2 weeks of ZDV were 70% less likely to be





To assess safety of Zidovudine and Nevirapine
(NVP)
Long-term ZDV (with or without concomitant NVP prophylaxis) was well
accepted and well tolerated.
Mawar et al.
(2007) [51]
Maharashtra - To understand concerns and experiences of
women regarding PMTCT.
HIV-infected pregnant women perceived PMTCT through AZT as a useful
means of enabling them to fulfill their social responsibility of bearing a





To evaluate efficacy of 3-drug combination
ART for PMTCT.
MTCT was 5.55% on intention-to-treat analysis and 1.11% on as-treated





To assess safety of single-dose NVP to mother
and baby.
Mother and child, followed for 1 week postpartum, did not show serious
and adverse reaction to NVP.





To determine the cost effectiveness of childbirth
strategies for mothers receiving NVP.
Vaginal delivery was cost-effective as compared to elective Caesarian section
(CS) for women receiving NVP. The incremental cost of preventing an
additional HIV transmission through CS was INR 76,000.





To assess post-partum morbidity among infants
receiving replacement feeding for PMTCT.
Replacement feeding, primarily diluted animal milk was associated with
higher rate of hospitalization (0.093 hospitalizations per 100 person-days).





To assess factors influencing infant feeding
decisions of HIV-infected mothers.
Equal number of women (44%) intended to either breast-feed or use top
feeding. Lack of disclosure, lack of funds, poor hygienic conditions and risk of





To examine how the infant feeding
recommendations have been actualized within
the local context.
There was a significant increase (47%) in the number of women intending to
breast-feed from 2000–2004. Availability of local information on morbidity and
the influence of counselors in making infant feeding choice were important





To assess the infant feeding choices of HIV-1
-infectedwomen
One-third of women did not breast-feed their infants. Of those who
initiated breast-feeding, the median duration of breast-feeding
was approximately 3 months.
Infant diagnosis and linkage to postnatal care (N= 1)
Agrawal et al.
(2008) [62]
Uttar Pradesh Public To report the false positive test results of
DNA PCR test for HIV diagnosis in infants.
Three HIV-exposed infants who received PMTCT prophylaxis and who
did not receive breastfeeding were tested positive by DNA PCR at 6
weeks of age and were tested negative by two different ELISA tests
after 18 months.




















Table 2 Numeric summary of uptake of services in the PMTCT cascade (N=9)
Reference Facility Location Pretest Women tested Post-test Women infected* Mother ARV uptake MTCT rate**
Marchant et al. (1997) [22]# Private Mumbai,Maharashtra - 48579 - 1.5% 9% 0%(N= 30)
Marchant et al. (2001) [23]# Private Mumbai,Maharashtra - 82590 - 1.41% 38% 5.8% (N= 68)
Nagdeo et al. (2007) [34] Private Nagpur,Maharashtra 7897 90% - 0.72% 39% Not stated
Sinha et al. (2008) [16] Public High prevalence states in India 179681 79% - 0.41% 63% Not stated
Dash et al. (2009) [27] Public Berhampur,Orissa 7066 65% - 1.03% 51% Not stated
Parmeshwari et al. (2009) [19] Public Namakkal, Tamil Nadu 7866 100% - 0.77% 84% Not stated
Chaudhari et al. (2010) [33] Private Kolkata,West Bengal 49580 96% 95% 0.17% 43% 27.3% (N= 11)
Joshi et al. (2010) [26] Public Ahmadabad, Gujarat 187196 83% 74% 0.35% 55% 3.6% (N= 84)
Mandal et al. (2010) [23] Public Siliguri, West Bengal 23812 83% - 0.56% 30% 29.4% (N= 34)
Average 86% 0.77% 46% 13.2%
# the duration for reporting the data on number of women tested is not the same for reporting the number of HIV infected women provided ARV.
*reported rates of HIV prevalence in ANC.




















Darak et al. BMC Public Health 2012, 12:320 Page 9 of 15
http://www.biomedcentral.com/1471-2458/12/320lacked on the number of women that received post-test
counseling in most of these studies. The average ANC
prevalence (N= 9) was 0.77 (range 0.17 to 1.5).
Barriers to accessing PMTCT services (N = 3)
Only three published studies, two in the public and one
in the private sector, have looked at the barriers to acces-
sing PMTCT services. The barriers identified in these
studies were a lack of training among health care provi-
ders and inadequate attention to social and gender issues
[35], perceived stigma and experiences of discrimination
in health facilities [18], and other demographic and eco-
nomic factors [20], such as poor education, low eco-
nomic status of women and lack of support from
partners especially to women who have HIV un-infected
partners.
Outreach (taking PMTCT services beyond ANC clinics) (N = 1)
While most studies related to implementation of
PMTCT program focused on services delivered in the
health facilities, there was only one study by Madhivanan
et al. (2010) [24] that looked at the role of traditional
birth attendants (TBA) in implementing PMTCT project
in community setting. The study reported that majority
of TBA lack basic knowledge about HIV/AIDS and safe
delivery practices and recommended further research to
examine whether TBA should be trained and integrated
into PMTCT program.
Cost effectiveness (N = 6)
Among the studies on cost effectiveness, two studies
reported the cost effectiveness specifically of the PMTCT
program [25,30] whereas the other four studies - all from
Dandona et al. - were related to Voluntary Counseling and
Testing (VCT) services and HIV prevention interventions
which included PMTCT as one of the components.
Among the studies focusing on PMTCT, Kumar et al.
(2006) compared cost effectiveness of universal screening
program against the screening program restricted only to
high HIV prevalent states and reported that the later strat-
egy would be more cost effective. The study by Dandona
et al. (2008a) - based on the analysis of 16 PPTCT centers
- observed significant variation in these centers in the eco-
nomic cost per mother-neonate pair who received Nevira-
pine. The average economic cost per post-HIV-test
counseled pregnant woman was Indian Rupees (INR) 98.9
(US$ 2.23) [ranging 2.7-fold from INR 71.4 (US$ 1.61) to
INR 189.9 (US$ 4.29)] and average economic cost per
mother-neonate pair who received Nevirapine to be INR
10,210 (US$ 231) [ranging 41-fold for the 16 centers from
INR 4,354 (US$ 98) to INR 179,175 (US$ 4,047)]. This
variation within centers was observed to be significantly
related to HIV prevalence at these centers. Very high unit
cost at some centers was inversely related to HIVprevalence among pregnant women. Overall the studies on
cost effectiveness, mostly carried out from the govern-
ment’s perspective, indicated that large-scale programs
that are integrated with other services would be more cost
effective.Integration of family planning (FP)/sexual and reproductive
health (SRH) services in PMTCT program (N= 1)
Except for the paper by Rutenberg et al. (2005), there
were no other papers on the integration of the PMTCT
program with other services. This multi-country study
reported the field experiences of integrating family plan-
ning services into PMTCT programs [17] and high-
lighted that the priority of PMTCT programs seems to
be just to reduce the number of HIV infected children
born to HIV-infected women, rather than ensuring HIV-
infected women’s reproductive rights [17] because of a
lack of focus on their reproductive choices.Studies on individual components of the cascade (N= 26)
Access to antenatal care (ANC) (N = 0)
The first component of the cascade of PMTCT is
women’s access to antenatal care (ANC) services in the
health facilities so that they can be offered counseling
and HIV testing. In the current review no published
study was identified that focused on women’s access to
ANC care in India.Counseling and HIV testing (N= 14)
The antenatal counseling and HIV testing of pregnant
women have been studied in terms of (a) women’s accept-
ance and utilization of counseling and testing, and (b) the
feasibility and provision of counseling and HIV testing. A
high degree of acceptability of counseling and HIV testing
during pregnancy and labor has been documented
[15,37,38,45,46,48]. The need to involve the husband for
decision making regarding HIV testing during pregnancy
varied [38,48]. Most of these studies were conducted at
public health care facilities. A community-based study [49]
from rural Maharashtra reported very low utilization of
HIV testing among rural Indian women of child- bearing
age. This study found that a lack of discussion by antenatal
care providers with women and a lack of awareness of
existing testing services among women were major bar-
riers to HIV testing during pregnancy. Another commu-
nity-based study from Andhra Pradesh which assessed the
distribution of HIV testing in a population reported a high
proportion of HIV testing in the private sector. The uptake
of HIV testing was higher in women (27.2%) than in men
(18.8%), with pregnancy (57.4%) being the most common
reason for undergoing the test [39]. A recent study from
Andhra Pradesh demonstrated the role of stigma in redu-
cing the utilization of testing facilities and, based on the
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mandal (sub-district) to be tested for HIV [42].
Studies related to the provision of counseling and HIV
testing looked at the characteristics of health systems,
such as the logistics of providing counseling and HIV
testing in the labor room, the content and process of
counseling, and ways to involve men in antenatal care.
Two studies conducted at tertiary care hospitals reported
that it is feasible to conduct rapid HIV testing during
labor [37,44]; one of the studies adopted a brief prepar-
tum and extended postpartum counseling session [44].
These studies inferred that while it is challenging to pro-
vide voluntary counseling and HIV testing (VCT) to all
women in the delivery room, it could be an important
venue for testing otherwise low-risk women. The avail-
ability of testing in the labor room would be of great
benefit where there is little or no ANC care available.
Studies regarding the process and content of counseling
suggest that group antenatal counseling sessions have lit-
tle impact on women’s understanding of modes of HIV
prevention and on informed written consent for HIV
testing [41,47]. A study from Pune [47] reported that the
inclusion of culturally appropriate visual aid to group
education and counseling substantially improved preg-
nant women’s understanding about the key issues related
to informed consent for HIV testing (from 38% to 72%
in group counseling and 96% in individual counseling).
There is a scarcity of literature on the strategies to in-
volve men, particularly in the context of PMTCT. The
only available study from the feasibility phase of a multi-
country trial (ANRS-12127, Prenahtest), investigating the
feasibility of enhanced prenatal counseling in improving
men’s involvement in ANC in the context of PMTCT,
reported that couple-oriented counseling was considered
by health care providers and pregnant women to be a
feasible and acceptable strategy to actively encourage
men to participate in prenatal counseling and HIV test-
ing and overall reproductive health services [43].
ARV (assessment/provision/utilization) (N = 6)
Except for one study by Mawar et al. (2007), all other
studies in this category were related to the clinical aspect
of providing ARV to mother and baby, such as safety
and toxicity of ARVs (Zidovudine and Nevirapine) and
the prevalence of anemia due to Zidovudine use. Zidovu-
dine (AZT) and Nevirapine were reported to be safe and
it was suggested that mild anemia should not limit use
of Zidovudine in India [56]. The qualitative study by
Mawar et al. (2007) reported that the availability of an
‘easily accessible’ and ‘low cost’ intervention (AZT),
which otherwise would have been prohibitively expen-
sive, is a major factor influencing HIV infected women’s
decision to continue their pregnancy. The study also
emphasized that health care providers require training inorder to focus on women-centered approaches as the
program scales up [51].
In the reviewed literature there is no study related to
immunological assessment of pregnant HIV infected
women by CD4 testing to determine their eligibility to
receive combination ARV or HAART.Delivery/repeat HIV testing (N = 1)
The only available study which looked at the cost effect-
iveness of childbirth strategies for HIV-infected pregnant
women receiving Nevirapine was carried out by Mukher-
jee et al. (2010). The study found that vaginal delivery is
not only cheaper but also cost-effective, as compared to
elective Caesarian section (CS). In view of the economic
benefits, the study supports the policy of normal vaginal
delivery for HIV-infected women receiving Nevirapine
[61].
There is no study from India investigating the feasibil-
ity and cost effectiveness of repeat HIV testing among
pregnant women in third trimester of their pregnancy to
detect women who get sero-converted during pregnancy
and can be offered PMTCT interventions.Infant feeding (N= 4)
Of the four papers, three were based on data from a sin-
gle urban tertiary hospital in Pune, Maharashtra, and the
fourth on data from two public hospitals in rural Tamil
Nadu in South India.
Studies on infant feeding in India have investigated the
morbidity and mortality associated with replacement
feeding as well as infant feeding decision making and
practices of HIV-infected mothers. A study from Pune
by Phadke et al. (2003) [57] documented a substantial and
highly significant (p< 0.0001) increase in hospitalization
of replacement-fed infants compared with their breast-fed
counterparts; several limitations were mentioned regard-
ing the interpretation of the data. Despite this, the results
supported the recommendation that each community
needs to assess the relative risks and benefits of their own
available feeding options for infants born to HIV-infected
mothers. The study also underlined the need for new
interventions that make exclusive breast-feeding safer for
both mother and infant, in settings such as India, where
access to affordable and safe infant formula is limited and
where social stigmatization of non-breast-feeding mothers
is a concern. Another study from Pune by Suryavanshi
et al. (2003) [60] looked at the factors that influence the
infant feeding decisions of HIV-infected mothers. The
study reported that the hospital counselor had an import-
ant role in assisting women in their intended feeding
choice as well as in actual practice. The study also empha-
sized the need for future research to address the nutri-
tional value and safety of milk used in top feeding.
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documented the complexities inherent in the decision
making regarding infant feeding and the difficulty of ad-
hering to exclusive breast-feeding. In the study by Read
et al. (2010), one-third of the mothers initiated breast-
feeding and the median duration of breast-feeding was
approximately 3 months. The proportion of exclusive
breast-feeding declined from approximately 70% during
the first week of life to 0% by the time of the 8th month
visit. The paper by Shankar et al. (2005) discussed how
global recommendations on infant feeding are translated
into practices and highlighted the need for tailoring pol-
icy recommendations by using local information [59].
The authors also suggest the need for developing a rapid
decision-making algorithm which would allow identifica-
tion of the healthiest feeding choice and minimize the
pitfalls of promoting homogeneous practices lacking
site-specific, evidence-based evaluation.
Infant diagnosis and linkage to postnatal care (N = 1)
The only published study related to the diagnosis of HIV
among exposed children is a letter to the editor by Agrawal
et al. (2008) [62] reporting false positive results of DNA
PCR tests conducted for the diagnosis of HIV among
infants. No studies exist on linking HIV infected women
and children to postnatal care in India.
Discussion
In the literature, empirical work on PMTCT in India
(N= 134) seems to be dominated by epidemiological
studies (N = 60). The 46 papers related to the utilization/
provision of the cascade of PMTCT services were mostly
from the four high prevalence states in southern India
and from the public sector. Of these 46 papers, 20 were
related to experiences of implementing a PMTCT pro-
gram and 26 were related to individual components of
the cascade of PMTCT services.
Studies related to experiences of the implementation of
PMTCT programs have been largely restricted to provid-
ing a numeric summary of the program with some efforts
to understand the cost effectiveness of the programs and
barriers in providing PMTCT services particularly counsel-
ing and HIV testing. The current literature shows high
rates of drop out especially among HIV infected women
before they could receive ARVs. Studies also suggest that
the cost effectiveness of PMTCT programs can be
improved if they are integrated with other services and if
PMTCT services can demonstrate other health benefits
than just preventing HIV transmission. Lack of knowledge
about the availability of HIV testing facilities among
women and fear of stigmatization from health providers
seem the most important barriers in accessing counseling
and HIV testing services. High rate of testing in private
health facilities - where PMTCT program are notimplemented - also suggest the possibility of uninformed
testing of pregnant women in these facilities. However,
there is a lack of literature on coverage of PMTCT services
in private health system. Research is also needed on sys-
tematic program evaluation documenting potential health
benefits of ANC counseling to the mother and the child
and assessing the outcome of PMTCT program by meas-
uring outcome indicators such as HIV free survival among
children and linking HIV infected women and children to
care. Literature on best practices in the field setting that
are shown to improve uptake of PMTCT services is lacking
as well.
Our review on the individual components of the
PMTCT cascade showed that there is a lack of literature
on factors associated with pregnant women’s access to
ANC care, HIV infected women’s immunological assess-
ment (using CD4 testing) for evaluating their eligibility
to receive combination ART or HAART, feasibility and
cost effectiveness of repeat HIV testing among pregnant
women who are in third trimester of their pregnancy,
feasibility and uptake of early infant diagnosis and factors
related to linking HIV infected women and children to
postnatal care. Studies on HIV counseling and testing of
pregnant women suggest that it is acceptable to women
and feasible to provide in both public and private health
facilities. The studies on infant feeding show high mor-
bidity among non breast-fed infants. However, high pro-
portion of HIV infected women in these studies had
opted for replacement feeding (mainly animal milk).
Among women who chose to breast-feed, practicing ex-
clusive breastfeeding was observed to be challenging.
Except for the papers providing numeric summary of the
uptake of PMTCT services, the overall quality of the
papers was good. However, generalizability of the findings
particularly for studies related to cost effectiveness that are
restricted to a single state and studies on infant feeding
that are carried out in a single tertiary care hospital might
be low. The studies on the numeric summary of uptake of
services did not provide data on all the components of the
cascade of PMTCT services and the sample sizes for some
studies were low [19,27,34], which made it impossible to
summarize the percentage drop-outs at each step of the
cascade.
The rates of uptake of PMTCT services and the findings
of cost effectiveness of programs varied across studies.
While the variations in the cost across studies on cost ef-
fectiveness could be because of the comparison of different
programs and services in these studies, the variations in
rates of uptake could be because of the different program
strategies or due to lack of consistency in the methodology
for estimating the uptake rates. For example, in the study
by Joshi et al. (2010) the reported ARV uptake was 92%.
However, this high rate was mainly because the data of
only the women who delivered in the hospital were
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baby pair leaving out 36% of the HIV infected women who
were lost to follow up. The high rate of uptake in the two
studies by Parameshwari et al. (2009) and Panditrao et al.
(2011) (reported under barriers in accessing care) - both
part of the Elizabeth Glaser Pediatric AIDS Foundations’
PMTCT program in India - might be because of the pro-
gram implementation strategies, such as quality of coun-
seling, educational material used, monitoring and
evaluation systems and demographic and sociocultural fac-
tors [20] of women enrolled in these programs. Similar to
most papers describing programmatic experiences the
paper by Parameshwari et al. (2009) was based on a de-
scriptive analysis of a small number of HIV infected
women (N=56) whereas Panditrao et al. (2011) analyzed
program data from 2002 to 2008 of 734 HIV infected
women who were enrolled during pregnancy and 770 HIV
infected women who reported a live birth in order to
understand factors associated with loss to follow-up (LTF)
before delivery and after delivery respectively using multi-
variate statistical techniques. Most of the current literature
on program experiences does not describe the program
implementation strategies which limit analysis on their as-
sociation with the uptake. There is an urgent need for a
systematic understanding of these factors in India and to
improve the reporting of existing program data to identify
strategies and practices that could improve efficacy of
PMTCT program.
In this review, data about the program from public as
well as private health facilities suggest that a substantial
proportion of HIV infected women enrolled in a PMTCT
project drop out, without receiving the complete cascade
of services. Loss to follow-up of women enrolled in
PMTCT programs has been recognized as a major factor
affecting the efficacy of the program in resource-poor
countries [64,65]. While there have been some studies
from Africa on risk factors relating to loss to follow-up,
a systematic understanding of the factors affecting con-
tinued access of services among HIV-infected Indian
women is lacking [20].
Although this review on PMTCT literature in India has
uncovered only limited evidence regarding factors affecting
the uptake of counseling and HIV testing among pregnant
women - such as the availability of a HIV testing facility,
discussion about HIV testing with care providers and per-
ceived stigma from the health facilities -, elsewhere there is
burgeoning literature on the factors affecting such uptake
as well as the integration of PMTCT programs with other
health services. A systematic review of factors affecting
counseling and HIV testing, mainly from Africa, suggests
that provider-initiated counseling and testing, group pre-
test counseling sessions and rapid HIV testing with same-
day results increase the uptake of counseling and testing
[66]. However, another systematic review of South Africanstudies suggests that in addition to these factors quality of
counseling and contextual factors such as HIV prevalence,
human and physical resources significantly affect counsel-
ing, and the review recommends that best available evi-
dence from research studies regarding these factors should
be used to develop guidelines for the local context [67].
While a family-centered approach in implementing
PMTCT and integration of the PMTCT program with
other services has been generally recommended in many
countries including India [17,68], a recent review by
Cochrane on the efficacy of integrating PMTCT with other
services argued that evidence from resource-poor coun-
tries does not allow one to conclude that integrated care is
more effective than non-integrated or partially integrated
care. The influence of the socio-cultural context in the up-
take of services highlighted in these studies strongly sug-
gests the need to conduct research locally to determine the
factors affecting the efficiency of PMTCT services and the
benefits of integrating PMTCT with other services [69].
This review has shown that evidence on experiences in
providing PMTCT services in the private health care sys-
tem is limited as compared to public health care system.
This is striking as, in India, the private health care system
plays a significant role in the delivery of health care. Ap-
proximately 70 percent of urban households and 63 per-
cent of rural households access care from the private
health sector [70]. Though the role of the private sector is
recognized in the third National AIDS Control Program
(NACP-3) [71], efforts to include it have been sporadic.
There is a complete lack of systematic knowledge on the
current coverage of PMTCT in the private sector and on
the referral mechanisms for women detected as HIV-
infected in the private sector. There is an urgent need for
assessing the most effective models for public-private part-
nerships (PPPs) in the country.
The published public health literature also seems to be
geographically skewed and dominated by the analysis of
data from a few centers. Of the 42 studies using data at
the district/state level, 16 papers were from Maharashtra
(of these, eight were from a single tertiary care center in
Pune), eight from Tamil Nadu, seven from Andhra Pra-
desh (out of which five were cost effectiveness studies)
and four were from Karnataka. It is important to note
that in spite of being one of the high prevalence states
since the beginning of AIDS epidemic in India, nothing
has been published from Manipur and Nagaland. The
composition and performance of health systems in these
two north-eastern states differ from the other four high
HIV prevalence states in the country. As the provision
and utilization of PMTCT services depends on sociocul-
tural and health-system-related factors, understanding of
these factors across states would be essential for effective
implementation of the program in the entire country. It
is also interesting to note that except one all the papers
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effectiveness analysis is one of the important tools for
program planning and implementation. Therefore allow-
ing a richer academic discourse on this issue by attract-
ing and training more scholars in this field might be
beneficial.
Conclusions
In order to provide universal access to PMTCT services
and to virtually eliminate pediatric HIV in India there is
need to a) increase availability of counseling and HIV test-
ing facilities b) increase accessibility of these facilities by
addressing the issues of discrimination in health facilities
through training and sensitization of healthcare providers
and c) increase awareness among women about availability
of such facilities. Considering the overall low HIV preva-
lence in the country, integrated PMTCT programs that
can demonstrate other health benefits to the mother and
the child would be more cost effective. On a programmatic
level there is an urgent need to evaluate alternative models
of implementation of PMTCT programs in order to
maximize the reach of PMTCT services to HIV infected
women in least cost. Strengthening the linkages between
public and private facilities could maximize the reach of
PMTCT services to infected women. However, currently
the knowledge on effective models of public private part-
nerships for PMTCT is lacking.
The current national PMTCT program faces double
jeopardy due to high rates of drop out of women in the
PMTCT cascade and continued use of least efficacious
single dose Nevirapine as the PMTCT protocol. System-
atic exploration of factors affecting women’s continued
access to PMTCT services is needed along with rapid
rollout of more effective PMTCT protocol recommended
by the WHO to increase efficacy of the program. The
systematic review also highlights the inadequacy of
proper analysis and representation of program data
which could be an important source of experiential
knowledge helpful in program implementation.
The importance of well-planned health research has
been recognized as fundamental to the improvement of
health in all countries [72]. However, it has been shown
that public health research output from India has in gen-
eral been considerably low [73,74]. The findings of this
systematic review also suggest that literature on the pub-
lic health aspects of the PMTCT program is sparse. For
a program such as the Indian PMTCT program that
operates on a large scale, a comprehensive understanding
of the context-driven factors affecting its efficiency is ne-
cessary. For effective planning and implementation of
PMTCT programs in India, there is a need to generate
systematic and more focused public health research out-
put, including the issues related to the performance of
complex health systems, geographic differences, andsociocultural factors affecting women’s access to PMTCT
services. Efforts should be made to analyze and publish
program-related data that facilitate the planning of re-
search that is relevant and embedded in the local
context.
Competing interests
The authors declare that they have no competing interests
Acknowledgements
We thank Dr. Netrali Dalvi of Prayas for her help in data extraction and Ms.
Vijaya Jori, field coordinator, Prayas PMTCT project, for her feedback on the
manuscript.
Author details
1Population Research Centre, Faculty of Spatial Sciences, University of
Groningen, Groningen, The Netherlands. 2PRAYAS Health Group, Pune, India.
3Department of Epidemiology, University of California Berkeley, Berkeley, CA,
USA. 4Department of Epidemiology, University of South Florida, Tampa, FL,
USA.
Authors’ contributions
SD, MP, RP, VK and SK conceptualized the study. SD, MP and RP retrieved the
data. SD, RP and SK participated in the analysis. SD conducted the analysis
and took the lead in writing the manuscript. FJ supervised the analysis and
manuscript writing. All authors helped to draft the manuscript and read and
approved the final manuscript.
Received: 25 October 2011 Accepted: 17 April 2012
Published: 2 May 2012
References
1. Connor EM, Sperling RS, Gelber R, Kiselev P, Scott G, O’Sullivan MJ, VanDyke
R, Bey M, Shearer W, Jacobson RL, et al: Reduction of maternal-infant
transmission of human immunodeficiency virus type 1 with zidovudine
treatment. Pediatric AIDS Clinical Trials Group Protocol 076 Study Group.
N Engl J Med 1994, 331(18):1173–1180.
2. Cooper ER, Charurat M, Mofenson L, Hanson IC, Pitt J, Diaz C, Hayani K,
Handelsman E, Smeriglio V, Hoff R, et al: Combination antiretroviral
strategies for the treatment of pregnant HIV-1-infected women and
prevention of perinatal HIV-1 transmission. J Acquir Immune Defic Syndr
2002, 29(5):484–494.
3. UNAIDS: Report on global AIDS epidemic 2010.
4. New global plan to eliminate HIV infections among children launched at UN
[http://www.un.org/apps/news/story.asp?Cr1=aids&NewsID=38675&Cr=hiv]
5. UNGASS: India: country progress report NACO, Ministry of Health and
Family Welfare, Government of India; 2010.
6. WHO: Towards universal access:scaling up priority HIV/AIDS interventions
in the health sector 2008.
7. Mahendra VS, Mudoi R, Oinam A, Pakkela V, Sarna A, Panda S, Rau A, L
Birendrajit Singh, Rutenberg N: Continuum of care for HIV-positive women
accessing programs to prevent parent-to-child transmission: Findings
from India. In Horizons Final Report. Washington, DC: Population Council;
2007.
8. WHO: Antiretroviral drugs for treating pregnant women and preventing
HIV infection in infants in resource-limited settings. 2006.
9. WHO: Antiretroviral drugs for treating pregnant women and preventing HIV
infection in infants: recommendations for a public health approach– 2010
version. 2010.
10. Vajpayee M, Seth P, Malhotra N: HIV and syphilis in pregnant women at a
tertiary care hospital. Trop Doct 2001, 31(1):56.
11. Gupta MK, Thergaonkar WP, Chawla N: Anonymous testing of HIV infection
in pregnant women. J Commun Dis 1998, 30(2):121–122.
12. Surjushe A, Maniar J: Prevention of mother-to-child transmission. Indian J
Dermatol Venereol Leprol 2008, 74:(3)200–207.
13. Lionel J, Mathai M, Abraham OC, Cherian T: Management of HIV infection
in pregnancy: possible guidelines and their basis. Natl Med J India 2003,
16(2):94–97.
14. Shankar AV: Breast-feeding practices in relation to HIV in India. Adv Exp
Med Biol 2009, 639:299–311.
Darak et al. BMC Public Health 2012, 12:320 Page 14 of 15
http://www.biomedcentral.com/1471-2458/12/32015. Celentano DD: Is HIV screening in the labor and delivery unit feasible and
acceptable in low-income settings?. PLoS Med 2008, 5(5):e107.
16. Sinha A, Roy M: An ICMR task force study of Prevention of Parent to Child
Transmission (PPTCT) service delivery in India. Indian J Public Health 2008,
52(4):200–202.
17. Rutenberg N, Baek C: Field experiences integrating family planning into
programs to prevent mother-to-child transmission of HIV. Stud Fam Plann
2005, 36(3):235–245.
18. Rahangdale L, Banandur P, Sreenivas A, Turan JM, Washington R, Cohen CR:
Stigma as experienced by women accessing prevention of parent-to-
child transmission of HIV services in Karnataka, India. AIDS Care 2010, 22
(7):836–842.
19. Parameshwari S, Jacob MS, Vijayakumari J, Shalini D, Sushi MK, Sivakumar M:
A Program on Prevention of Mother to Child Transmission of HIV at
Government Hospital, Tiruchengode Taluk, Namakkal District. Indian J
Community Med 2009, 34(3):261–263.
20. Panditrao M, Darak S, Kulkarni V, Kulkarni S, Parchure R: Socio-demographic
factors associated with loss to follow-up of HIV-infected women
attending a private sector PMTCT program in Maharashtra, India. AIDS
Care 2011, 23(5):593–600.
21. Merchant RH, Damania K, Gilada IS, Bhagwat RV, Karkare JS, Oswal JS,
Merchant SR, Changedia S: Strategy for preventing vertical transmisssion
of HIV: Bombay experience. Indian Pediatr 2001, 38(2):132–138.
22. Merchant RH, Changedia S: Prevention of vertical transmission of human
immunodeficiency virus. Indian Pediatr 1997, 34(6):475–480.
23. Mandal S, Bhattacharya RN, Chakraborty M, Pal PP, Roy SG, Mukherjee G:
Evaluation of the prevention of parent to child transmission program in
a rural tertiary care hospital of west bengal, India. Indian J Community
Med 2010, 35(4):491–494.
24. Madhivanan P, Kumar BN, Adamson P, Krupp K: Traditional birth
attendants lack basic information on HIV and safe delivery practices in
rural Mysore. India. BMC Public Health 2010, 10:570.
25. Kumar M, Birch S, Maturana A, Gafni A: Economic evaluation of HIV
screening in pregnant women attending antenatal clinics in India. Health
Policy 2006, 77(2):233–243.
26. Joshi U, Kadri A, Bhojiya S: Prevention of parent to child transmission
services and interventions - coverage and utilization: A cohort analysis in
Gujarat, India. Indian J Sex Transm Dis 2010, 31(2):92–98.
27. Dash M, Padhi S, Panda P, Pattnaik D, Parida B: PPTCT of HIV: two and a
half year experience at MKCG medical college, Berhampur, India. Indian J
Med Microbiol 2009, 27(3):276–277.
28. Dandona L, Sisodia P, Ramesh YK, Kumar SG, Kumar AA, Rao MC,
Someshwar M, Hansl B, Marshall N, Marseille E, et al: Cost and efficiency of
HIV voluntary counselling and testing centres in Andhra Pradesh, India.
Natl Med J India 2005, 18(1):26–31.
29. Dandona L, Kumar SP, Ramesh Y, Rao MC, Kumar AA, Marseille E, Kahn JG,
Dandona R: Changing cost of HIV interventions in the context of scaling-
up in India. AIDS 2008, 22(Suppl 1):S43–S49.
30. Dandona L, Kumar SG, Ramesh YK, Rao MC, Marseille E, Kahn JG, Dandona R:
Outputs, cost and efficiency of public sector centres for prevention of
mother to child transmission of HIV in Andhra Pradesh. India. BMC Health
Serv Res 2008, 8:26.
31. Dandona L, Kumar SG, Kumar GA, Dandona R: Cost-effectiveness of HIV
prevention interventions in Andhra Pradesh state of India. BMC Health
Serv Res 2010, 10:117.
32. Dandona L, Kumar SG, Kumar GA, Dandona R: Economic analysis of HIV
prevention interventions in Andhra Pradesh state of India to inform
resource allocation. AIDS 2009, 23(2):233–242.
33. Chaudhuri S, Mundle M, Konar H, Das C, Talukdar A, Ghosh US: Utilization
of therapeutic intervention to prevent mother to child transmission of
HIV in a teaching hospital in Kolkata, India. J Obstet Gynaecol Res 2010, 36
(3):619–625.
34. Nagdeo N, Thombare V: Prevention of parent-to-child transmission of HIV:
An experience in rural population. Indian Journal of Medical Microbiology
2007, 25:425–425.
35. Hancart Petitet P, Hancart Petitet P, Samuel NM, Desclaux A, Vellore P:
Missed opportunities for human immunodeficiency virus prevention of
mother-to-child transmission: a case study in southern India. Vulnerable
Children and Youth Studies 2007, 3(2):120–125.
36. Ciaranello AL, Perez F, Maruva M, Chu J, Engelsmann B, Keatinge J, Walensky
RP, Mushavi A, Mugwagwa R, Dabis F, et al: WHO 2010 guidelines forprevention of mother-to-child HIV transmission in Zimbabwe: modeling
clinical outcomes in infants and mothers. PLoS One 2011, 6(6):e20224.
37. Bharucha KE, Sastry J, Shrotri A, Sutar S, Joshi A, Bhore AV, Phadke MA,
Bollinger RC, Shankar AV: Feasibility of voluntary counselling and testing
services for HIV among pregnant women presenting in labour in Pune,
India. Int J STD AIDS 2005, 16(8):553–555.
38. Brown H, Vallabhaneni S, Solomon S, Mothi S, McGarvey S, Jackson T,
Putcha M, Brenner S, Mate K, Cu-Uvin S: Attitudes towards prenatal HIV
testing and treatment among pregnant women in southern India. Int J
STD AIDS 2001, 12(6):390–394.
39. Dandona R, Kumar SG, Kumar GA, Lakshmi V, Dandona L: HIV testing
among adults in a high prevalence district in India. Natl Med J India 2009,
22(6):289–293.
40. Dhadwal D, Bhardwaj A, Gupta A, Sharma S, Parashar A, Thakur A, Mahajan
A, Chander V, Sood A: Role of Intensive Training in Strengthening the
Skills of HIV Counselors for Imparting Quality ICTC Services. Indian J
Community Med 2009, 34(3):252–254.
41. Gupta D, Lhewa D, Viswanath R, Jacob SM, Parameshwari S, Radhakrishnan
R, Seidel K, Frenkel LM, Samuel NM, Melvin AJ: Effectiveness of antenatal
group HIV voluntary counseling and testing services in rural India. AIDS
Educ Prev 2007, 19(3):187–197.
42. Kandwal R, Augustijn EW, Stein A, Miscione G, Garg PK, Garg RD: Geospatial
analysis of HIV-Related social stigma: a study of tested females across
mandals of Andhra Pradesh in India. Int J Health Geogr 2010, 9:18.
43. Orne-Gliemann J, Tchendjou PT, Miric M, Gadgil M, Butsashvili M, Eboko F,
Perez-Then E, Darak S, Kulkarni S, Kamkamidze G, et al: Couple-oriented
prenatal HIV counseling for HIV primary prevention: an acceptability
study. BMC Publ Health 2010, 10:197.
44. Pai NP, Barick R, Tulsky JP, Shivkumar PV, Cohan D, Kalantri S, Pai M, Klein
MB, Chhabra S: Impact of round-the-clock, rapid oral fluid HIV testing of
women in labor in rural India. PLoS Med 2008, 5(5):e92.
45. Rogers A, Meundi A, Amma A, Rao A, Shetty P, Antony J, Sebastian D, Shetty
AK: HIV-related knowledge, attitudes, perceived benefits, and risks of HIV
testing among pregnant women in rural Southern India. AIDS Patient Care
STDS 2006, 20(11):803–811.
46. Samuel NM, Srijayanth P, Dharmarajan S, Bethel J, Van Hook H, Jacob M,
Junankar V, Chamberlin J, Collins D, Read JS: Acceptance of HIV-1
education & voluntary counselling/testing by & seroprevalence of HIV-1
among, pregnant women in rural south India. Indian J Med Res 2007, 125
(1):49–64.
47. Sastry J, Pisal H, Sutar S, Kapadia-Kundu N, Joshi A, Suryavanshi N, Bharucha
KE, Shrotri A, Phadke MA, Bollinger RC, et al: Optimizing the HIV/AIDS
informed consent process in India. BMC Med 2004, 2:28.
48. Shankar AV, Pisal H, Patil O, Joshi A, Suryavanshi N, Shrotri A, Bharucha KE,
Bulakh P, Phadke MA, Bollinger RC, et al: Women’s acceptability and
husband’s support of rapid HIV testing of pregnant women in India. AIDS
Care 2003, 15(6):871–874.
49. Sinha G, Dyalchand A, Khale M, Kulkarni G, Vasudevan S, Bollinger RC: Low
utilization of HIV testing during pregnancy: What are the barriers to HIV
testing for women in rural India? J Acquir Immune Defic Syndr 2008, 47
(2):248–252.
50. Vajpayee M, Mojumdar K, Raina M, Mishra S, Sreenivas V: HIV voluntary
counseling and testing: an experience from India. AIDS Care 2009, 21
(7):826–833.
51. Mawar N, Joshi PL, Sahay S, Bagul RD, Paranjape RS: Concerns and
experiences of women participating in a short-term AZT intervention
feasibility study for prevention of HIV transmission from mother-to-child.
Cult Health Sex 2007, 9(2):199–207.
52. Murthy MB, Krishnamurthy B: Safety of single-dose nevirapine for
prevention of vertical transmission of human immunodeficiency virus
infection. Indian J Pharmacol 2011, 43(2):207–209.
53. Patel AK, Patel KK, Sharma R, Ranjan RR, Shukla RK, Patel JA: Prevention of
mother-to-child HIV transmission using 3-drug combination antiretroviral
treatment: observational cohort in clinical practice setting in India. J
Acquir Immune Defic Syndr 2009, 50(2):231–233.
54. Read JS, Samuel NM, Parameshwari S, Dharmarajan S, Van Hook HM, Mini
Jacob S, Junankar V, Bethel J, Jiahong X, Stoszek SK: Safety of HIV-1
Perinatal Transmission Prophylaxis With Zidovudine and Nevirapine in
Rural South India. J Int Assoc Physicians AIDS Care (Chic) 2007, 6(2):125–136.
55. Samuel NM, Parameswari, Kumari S: Zidovudine in HIV-positive pregnant
women and their babies. Natl Med J India 1996, 9(4):200–201.
Darak et al. BMC Public Health 2012, 12:320 Page 15 of 15
http://www.biomedcentral.com/1471-2458/12/32056. Sinha G, Choi TJ, Nayak U, Gupta A, Nair S, Gupte N, Bulakh PM, Sastry J,
Deshmukh SD, Khandekar MM, et al: Clinically significant anemia in HIV-infected
pregnant women in India is not a major barrier to zidovudine use for
prevention of maternal-to-child transmission. J Acquir Immune Defic Syndr 2007,
45(2):210–217.
57. Phadke MA, Gadgil B, Bharucha KE, Shrotri AN, Sastry J, Gupte NA,
Brookmeyer R, Paranjape RS, Bulakh PM, Pisal H, et al: Replacement-fed
infants born to HIV-infected mothers in India have a high early
postpartum rate of hospitalization. J Nutr 2003, 133(10):3153–3157.
58. Read JS, Samuel NM, Srijayanth P, Dharmarajan S, Van Hook HM, Jacob M,
Junankar V, Bethel J, Yu E, Stoszek SK: Infants of human immunodeficiency
virus type 1-infected women in rural south India: feeding patterns and
risk of mother-to-child transmission. Pediatr Infect Dis J 2010, 29(1):14–17.
59. Shankar AV, Sastry J, Erande A, Joshi A, Suryawanshi N, Phadke MA, Bollinger RC:
Making the choice: the translation of global HIV and infant feeding policy to
local practice among mothers in Pune, India. J Nutr 2005, 135(4):960–965.
60. Suryavanshi N, Jonnalagadda S, Erande AS, Sastry J, Pisal H, Bharucha KE,
Shrotri A, Bulakh PM, Phadke MA, Bollinger RC, et al: Infant feeding
practices of HIV-positive mothers in India. J Nutr 2003, 133(5):1326–1331.
61. Mukherjee K: Cost-effectiveness of Childbirth Strategies for Prevention of
Mother-to-child Transmission of HIV Among Mothers Receiving
Nevirapine in India. Indian J Community Med 2010, 35(1):29–33.
62. Agarwal D, Agrawal NR: False positive HIV-1 DNA PCR in infancy. Indian
Pediatr 2008, 45(3):245–246.
63. Madhivanan P, Mothi SN, Kumarasamy N, Yepthomi T, Venkatesan C,
Lambert JS, Solomon S: Clinical manifestations of HIV infected children.
Indian J Pediatr 2003, 70(8):615–620.
64. Manzi M, Zachariah R, Teck R, Buhendwa L, Kazima J, Bakali E, Firmenich P,
Humblet P: High acceptability of voluntary counselling and HIV-testing
but unacceptable loss to follow up in a prevention of mother-to-child
HIV transmission programme in rural Malawi: scaling-up requires a
different way of acting. Trop Med Int Health 2005, 10(12):1242–1250.
65. Painter TM, Diaby KL, Matia DM, Lin LS, Sibailly TS, Kouassi MK, Ekpini ER,
Roels TH, Wiktor SZ: Women’s reasons for not participating in follow up
visits before starting short course antiretroviral prophylaxis for
prevention of mother to child transmission of HIV: qualitative interview
study. BMJ 2004, 329(7465):543.
66. Bolu OO, Allread V, Creek T, Stringer E, Forna F, Bulterys M, Shaffer N:
Approaches for scaling up human immunodeficiency virus testing and
counseling in prevention of mother-to-child human immunodeficiency
virus transmission settings in resource-limited countries. Am J Obstet
Gynecol 2007, 197(3 Suppl):S83–S89.
67. Minnie KS, van der Walt SJ, Klopper HC: A systematic review of counselling
for HIV testing of pregnant women. J Clin Nurs 2009, 18(13):1827–1841.
68. Betancourt TS, Abrams EJ, McBain R, Fawzi MC: Family-centred approaches
to the prevention of mother to child transmission of HIV. J Int AIDS Soc
2010, 13(Suppl 2):S2.
69. Tudor Car L, van-Velthoven MH, Brusamento S, Elmoniry H, Car J, Majeed A,
Atun R: Integrating prevention of mother-to-child HIV transmission
(PMTCT) programmes with other health services for preventing HIV
infection and improving HIV outcomes in developing countries. Cochrane
Database Syst Rev 2011, (6):CD008741.
70. IIPS Macro-International2007National Family Health Survey (NFHS-3) 2005–
2006MumbaiIndiaIIPS Macro-International: National Family Health Survey
(NFHS-3) 2005–2006. India: Mumbai; 2007.
71. NACO2006National AIDS Control Programme Phase-3 (2006–2011)
DelhiMinistry of Health and Family Welfare Government of India NACO:
National AIDS Control Programme Phase-3 (2006–2011) Delhi.: Ministry of
Health and Family Welfare Government of India; 2006.
72. WHO2004World report on knowledge for better health:strengthening
health systems WHO: World report on knowledge for better health:
strengthening health systems.: ; 2004.
73. Dandona L, Raban MZ, Guggilla RK, Bhatnagar A, Dandona R: Trends of public
health research output from India during 2001–2008. BMC Med 2009, 7:59.
74. Dandona L, Katoch VM, Dandona R: Research to achieve health care for all
in India. Lancet 2011, 377(9771):1055–1057.
doi:10.1186/1471-2458-12-320
Cite this article as: Darak et al.: Systematic review of public health
research on prevention of mother-to-child transmission of HIV in India
with focus on provision and utilization of cascade of PMTCT services.
BMC Public Health 2012 12:320.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
